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NATIONAL ADVISORY COMMITTEE FOR ARRONAUTICS

RESEARCH MEMORANDUM

FLIGHT INVESTIGATION OF THE ATLERON EFFECTIVENESS OF THE
REPUBLIC XF-91 AIRPIANE OVER A MACH NUMBER
RANGE FROM 0.40 TO 0.91

By Thomas R. Sisk
SUMMARY

Flight tests have been conducted on the Republic XF-91 sirplane to
investigate the sileron effectiveness at Mach numbers between 0.ko ’
and 0.91 at approximste altitudes of 13,000, 24,000, and 32,000 feet.
Abrupt rudder-fixed aileron rolls were mede using from one-third to
maximum slleron deflection.

The results obtained from these tests indicate that the aileron
effectiveness is reduced by more than one-half as the Mach number
increases from M = 0.40 to M = 0.91 at altitudes of about 13,000 feet.
At the higher altitudes, the effectiveness at any Mach number 1s greater
than the effectiveness at 13,000 feet. Over the range of dynamic pres-
sures where comparable data were availsble, the aileron effectlveness
decresses with increasing Mach number and the magnitude of this decrease
is less et the higher values of dynamic pressure.

INTRODUCTION

The Republic XF-91 airplane is unconventional in that it has swept-
back wings with inverse taper and variasble incldence. It wss felt that
knowledge of the effects of these features on lateral stability and con-
trol of the airplane would be of genersal interest. For this reason the
Republic Aviation Corp. has cooperated with the NACA High-Speed Flight
Research Station in & flight investigation of the dynamic lateral sta-
bility and aileron effectiveness of the XF-91 airplsne,
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The present paper presents the aileron effectiveness data obtained
during six flights of the airplane at Edwards Air Force Base, Cglif. A
summary of the aerodynamic characteristics and flying quealities, as
obtained from rocket-propelled models, may be found in reference 1.

SYMBOLS
) rolling angular velocity, radiens/sec
r yewing angular velocity, radians/sec
a dynamic pressure, 1b/sq ft
M Mach number
v true airspeed, ft/sec
by pressure altitude, £t
b wing span, ft
Bg alleron deflection (perpendicular to hinge line), deg
pb/av wing-tip helix angle, radians
iy wing incidence angle, deg
¢ angle of bank, deg
Subscripts:
L ) left
R - right—
T totul
max - maximum available deflect{on

ATRPLANE AND INSTRUMENTATION

The X¥F-91 airplsne is a single-place, midwing monoplane powered by
a General Electric J4T-GE-17 turbojet engine. The wing is swept back Lo
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at the 50-percent-chord line and has inverse taper and varigble inci-
dence. The physical characteristics of the airplane are listed in
teble I and a three-view drawing and photographs are presented in fig-
ures 1 and 2, respectively.

The gilerons are of the internal-sealed-balance type and have a
maximum travel from 19° up to 16° down. The contour of the ailerons is
specified as & continuation of the wing alrfoll section. Details of
the wing and the aileron cross section are shown in figure 3. The
alleron controls employ a boost system which gives a maximm boost
ratio of L40:1. The boost ratio used for the alileron effectlveness
flights was spproximstely 10:1. Five of the six flights were made with
0° wing incidence whereas the remaining flight was made with a wing
incidence of 2°.

Synchronized NACA instrumentation was installed to record the
following quentities: rolling angular velocity, yawlng angulsr veloc-
ity, left ailleron position, and rudder position. Mach number, pressure
altitude, and dynamic pressure were recorded on & photopanel.

It will be noted that only the left aileron was lnstrumented for
these tests. The static difference between the left and right allerons
was measured and found to be zero within the accuracy of the calibratiomn.
Since no information was available on the effect of alr loads on the
alleron positions, the total aileron angle was teken as twice the left

aileron angle.
TESTS, RESULTS, AND DISCUSSION

The results presented in this paper were obtained from abrupt -
rudder-fixed sileron rolls in the clean condition at various Mach .
numbers between 0.40 and 0.91. The rolls were made at approximste alti-
tudes of 13,000, 24,000, and 32,000 feet, utilizing from one-third to
maximum available alileron deflection. A cheain stop was provided in the
cockpit to enable the pillot to hold a constant control deflection until
a constant rolling velocity was reasched. Although rolls were made with
incidence angles of 0° and 2°, the effect of changing wing incidence
angle from 0° to 2° was found to be negligible.

Time histories of typical aileron rolls &t various altitudes ere
presented in figure 4 for M = 0.91 and M = 0.59. Figures 5(a), (b),
and (c) present the variation of wing-tip helix angle pb/2V with total
aileron deflection over the Mach number range covered at the three test
gltitudes. Figure 5 shows that there is a linear varlation of pb/2V



k L NACA RM L52EOTa

with By over the range tested. All rolls were made to the left with -
the exception of three that were made to the right at M = 0.91 at
23,200 feet (fig. 5(b)).

pb/2V

5

e
with Mach number at the three test altitudes. The data indicate that,
at an altitude of about 13,000 feet, the aileron effectiveness decreases
rapidly, more than 50 percent, from a value of 0.0025 at M = 0.40 +to
a value of 0.0010 at M = 0.91. At the higher altitudes, the effective-
ness gt any Mach number is greater than the effectiveness at 13,000 feet. .
The increase in effectiveness amounts to about 80 percent at M = 0.91
when the altitude is increased from sbout 13,000 feet to about
32,000 feet.

Figure 6 presents the variation of alleron effectiveness

Figure T presents the varliation of wing-tlip helix angle pb/2V
with dynamic pressure for a total aileron angle of 20° at M = 0.78,
0.85, and 0.91. The data indicate that the aileron effectiveness
decreasea with increasing Mach number and the magnitude of this decrease
is less at the higher values of dynamic pressure.

Time histories of the bank angles developed in the maneuvers of
figure b were obtalned by integrating the rolling velocity and are pre-
sented in figure 8. The rate of roll and ailleron motion are also pre-
sented on this figure for convenience. The control deflections and the -
rolling maneuvers were not identical for the various altitudes and Mach
numbers, so thet sufficient data are not available to describe completely
the change in angle of bank and time to-obtain meximum rate of roll with
altitude or Mach number. These data indicate, however, that the angle
of bank st which meximum rolling velocity l1s obtained increases with
altitude; for example, from about TO® for 13,600 feet to sbout 200° at
32,600 feet for M = 0.91. As pointed out in reference 2 rolling veloc-
ities developed at such large bank angles are of little use. The time
required to obtain meximum rolling velocity was between 2 and 2.8 seconds
whereas the time required to obtain 90° bank angle was between 1.6 and
2.4 seconds. These times sre excessive when compared to the requirement
of 1 second to bank 90C proposed in reference 2 and elsewhere.

CONCLUSIONS

From the alleron effectiveness tests on the Republic XF-91 airx-
plane the following conclusions were drawn:
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1. The aileron effectiveneass was reduced by more than one~half as
the Mach number incressed from M = 0.X0 to M = 0.91 st altitudes of
about 13,000 feet. At the higher sltitudes, the effectiveness at any
Mach number is greater than the effectlveness at 13,000 feet.

2, Over the range of dynamic pressures where comparable data were
avallsble, the aileron effectiveness decreases with increasing Mach

number and the magoitude of this decrease ig legs at the higher values
of dynamic pressure.

3. The time required to obtain meximum rolling velocity was
between 2 and 2.8 seconds whereas the time required to obtain 90° bank
angle was between 1.6 and 2.4 seconds. The angle of bank at which
maximum rolling velocity is obtalned increaesed with altitude.

Langley Aeronsutical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Vea.
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TABIE I.~ PHYSICAL CHARACTERISTICS OF REPUBLIC XF-91 AIRPLANE

Wing:

Airfoil section . Republic R-k, 40-1710-1.0

Area,Sqft............................320-0
Span, Ft . ¢« ¢ . 0 e 4 e e e e e e e e . . . 31.225
Aspect ratlo . . . . . . . i i b s e e i e e e e e e e e = s e s s 3.07
Taper ratio . . . . . e 0=
Root chord.(airplanecenterline), In. . .. . i e e e e .. .. 9.0
Tip chérd, In. . . . . . 11 3
Mean serodynemic chord, 1n.\ . . . s 1= e
Sweepback of 50-percent-chord 1ine, d.eg e e e e e e e e e e .. boo
Geometric twist, deg . . . . . . D
Cothedral, AEE  « « « o o « o o « o o o o + s o « s o o o o v s v+ .50
Incidence angle, deg8 . . « & + 4 4 « o = o o - . Va.ria.ble from -2 to 6

Slats (type)
Leading edge . + = = ¢« o o o« ¢ 4 o o o o 5 4 & o s o o & & o a
Flaps (type)

Tralling ed@e . . « & & ¢« o 4 o ¢ o o & = o « ¢ & &

Full spen
" Plain partisl span

Ailerons:
TyPe « . . e e o e e s e«

sealed 30.2-percent balance
Area(one),sqft............ .

. . 19,1k

Span, In. . . 4 v @t .t h e ke e e s e e e e e e e . e« . T3.5
Sweepback angle of aileron hinge 1ine, deg . . . . . « « « « « . « . k2.5
Ratio aileron ares to wing arem affected « . . . « « « ¢« ¢ « +» . . « 0.27
Travel, deZ & & o ¢ o 4 ¢ 4 4 o e 4 o s s 4 e e e e e e e s . . =19 to 16

Vertical tail:

Airfoll section Republic Lo-010X (Mod..li

Area, sg £t . . . . .
Span, IN. . ¢ 4 4 ¢t 4 4 4 a e s s e s e s e s e s s e e s s s s« 1XT
Aspect ratlo . . . ¢ ¢ it i 4 it h h ke e e s e e e e e e e e . 1.99
Taper ratio . . . . . - o N ¥
Sweepback et 25-percent chord. line, deg . . . ¢ 4. 4 s e e o« .+ . . 33.0
Rudder area, B8Q H « ¢« v & ¢ ¢ ¢ ¢ o 4« o s e 4 s e 8 s s e s s s e e s AT

Horizontal tail:

Airfoll section . . + v ¢ 4 4 4 b 4 e 4 e e e e e R-1L,

.
.
.
.
-
.

Aree, Bg £t .

e @« & 4 @ 4 o & & s e s = = e

Span, In. . . . & ¢ ¢ ¢« 4 4 4 e s e o s s 4 e .
Aopect B0 . . . 4 4 4 4 s e 4 e e e e e s s e e e e s e e e« . 3.98
Taper ratlo . . . ¢« ¢ ¢« ¢ ¢ ¢ 4 ¢t s ¢ o s e 4 e s s e s e s . a s 100
Sweepbeck at 25-percent-chord 1ine, de&g . « « « « &« « & ¢« « « « . o« U40.0
Elevator area (total), B8q £t « « « v « o o v o « 4 o o 0 o o 0 - . . 19.3
Elevator tab area, 8q £ . . « . « . . . . . 4 s e 4 a4 . . . . . 1.03
Stabllizer aree, sg £t . . . « . . . . . 4000 0. i s e . ... B50.5

Fuselage:

Length, £t . . . . . e e b e e s e s 4 s e s e s e e s s e . o 43.33
Frontal area (1nclwiing ca.nopy), sq P e e e e e . 2h2
Fineness ratio (2 times length/maximuwm width plus heigh‘h) P - 1 12
Canopy frontal area, 8@ £t . « . . . ¢ 4 4 ¢ 4 4 s 4 4 e e e . e . . . 2.2

Welght:

Gross weight, 1b .
Empty welght, 1b . .

1 General Electric J47-GE-1T

19,500
15,900

W



NACA RM L52EOTa

95'Root
Chord

4

Figure l.- Three-view drawlng of the Republic XF-91l airplane.

15' 45"

6° Incidence

“—Static ground llne

Wing set at
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L-73281

(a) One-quarter front view.

(b) Front view from above. :Mg

Figure 2.- Photographs of XF-9l airplane. L-75280
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~15.67°

) Afleron cross section

Figure 3.- Detalls of the XF-91 wing showing the aileron cross section.
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(p) M = 0.59.

(a) M =~ 0.91.

X¥-91 airplane.

Figure 4.~ Time histories of typlcal alleron rolls at M = 0.91 and
M % 0,59 at various test altitudes.
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